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Abstract. A measurement of Apg, the correlation between the electron momentum and neutron
(n) spin (the beta asymmetry) in n beta-decay, together with the n lifetime, provides a method
for extracting fundamental parameters for the charged-current weak interaction of the nucleon.
In particular when combined with decay measurements, one can extract the V,4 element of the
CKM matrix, a critical element in CKM unitarity tests. By using a new SD, super-thermal
source at LANSCE, large fluxes of UCN (ultra-cold neutrons) are expected for the UCNA
project. These UCN will be 100% polarized using a 7 T magnetic field, and directed into the 5

spectrometer. This approach, together with an expected large reduction in backgrounds, will
result in an order of magnitude reduction in the critical systematic corrections associated with
current N (S-asymmetry measurements. This paper will give an overview of the UCNA Ag
measurement as well as an update on the status of the experiment.
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Introduction — Beta Decay and Ultra—cold Neutrons

Experiments with polarized ultra—cold neutrons (UCN) offer a new way to measure
the decay correlations of neutron beta decay; these correlations can be used to test the
completeness of the Standard Model and constrain new models beyond it. Ultra—cold
neutrons are very low energy neutrons (<300 neV) that can be trapped inside of
material and magnetic bottles. The decay correlations in combination with the neutron
and muon lifetimes experimentally determine the first element (Vy4) of the Cabibbo—
Kobayashi-Maskawa (CKM) quark mixing matrix. The CKM matrix is a unitary
transform between the mass and weak eigenstates of the d, s and b quarks; if the
matrix is not unitary this would imply that the Standard Model is not complete.
Currently the unitarity of the first row of the CKM matrix is in question and V4 is the
largest component of the row." >

Precision measurements of V.4 are obtained from two different types of
experiments: the decay correlation between the electron and the polarized neutron with
the lifetime in neutron beta decay, and the super—allowed 0°'—0" nuclear beta decays
(both of these must be combined with Gp from muon decay). The super—allowed
0'—0" decays currently give the most accurate values of V4, but theoretical errors
dominate the uncertainty.” > ** Neutron beta decay has lower theoretical uncertainty
but the experimental errors are great and the various experiments do not agree with



each other. The goal of the UCNA experiment (an experiment to measure the A—
correlation using UCN) is to lower the experimental error in V4 obtained from
neutron beta decay so that it is comparable to that from super-allowed 0°—0" decays.
The UCNA experiment will be the first measurement of the A—correlation of polarized
neutron beta decay using UCN; the previous precision measurements were made with
cold neutron beams at reactors.

The UCNA experiment will be a complete departure from previous cold neutron
experiments with different and lower backgrounds and corrections to be applied in the
extraction of the A—correlation. The two main advantages of the UCNA experiment
are 100% polarization of the neutrons and a pulsed beam induced prompt background.
The neutron source is a pulsed spallation target, rather than a reactor, so the
backgrounds are time dependent and very different than previous reactor based cold
neutron beam experiments. The 100% polarization of the neutrons is achieved by
passing the UCN through a seven Tesla magnetic field; one spin—state is blocked by
the interaction of the neutron’s magnetic moment with the field, while the other is
accelerated through it. In order to have high polarization in the experiment the UCN
must maintain polarization until they decay or leave the decay region. The UCN
travel a couple of meters and bounce off the guide walls many times between the
polarizer and the decay region; each of these wall interactions can potentially
depolarize the UCN.

The UCNA Experiment

The UCNA experiment has a dedicated source, state—of—the—art guides, high
efficiency polarization and spinflipping, 4n beta collection, low—backscatter beta
detection and low backgrounds. All of these features combine to provide a new
approach to measuring the A-—correlation of polarized neutron beta decay with
minimal error due to uncertainties in polarization and background. The UCNA
neutron source is a super thermal solid deuterium UCN source.™

The source for the UCNA experiment is a scaled up version of a prototype source
that achieved a world-record density of greater than 100 UCN per cubic centimeter.
Neutrons are provided by a pulsed proton spallation source.* ° These neutrons are
trapped, elastically cooled, and finally down-scattered in the solid deuterium to
become UCN. Due to the intense radiation of the interacting proton beam, the source
is located inside a steel and concrete crypt; the UCN must be guided out of this crypt
and into the experimental area.

The guide system is made with low depolarization, state—of—the—art diamond-like
carbon coated quartz guide tubes. There are about 12 meters of guide before the UCN
enter the decay region of the experiment. Even with the high quality guides only about
1% of the UCN reach the decay region. Before entering the decay region the UCN are
polarized with a 7 tesla solenoidial magnetic field. This field provides 100% initial
polarization of the UCN. The magnetic field is tailored on the downstream side of the
magnetic field where the UCN spinflipper is located.

The spinflipper is of the adiabatic fast passage type, which has been shown to be
over 99.9% efficient. This high spinflipping efficiency combined with 100%
polarization provides the highest polarization ever used in an A-—correlation



experiment. The diamond coated quartz guides and magnetic holding fields are needed
to keep the UCN polarized while they travel into the decay region.

The decay region is a three-meter—long, ten—centimeter—diameter diamond—coated
quartz tube that the UCN enter in the middle. To give 4mn collection of the decay
electrons this tube is inside a 1 Tesla solenoidial magnetic field. Electron detectors at
the ends of the decay region detect the beta particles. These detectors combine low
backscatter wire chambers and energy monitoring plastic scintillators. The A-
correlation is calculated from the difference in counts between the detectors at each
end of the decay region.

Backgrounds are minimal at the detectors and have a time structure due to the
pulsing of the shielded spallation target. Cosmic—ray backgrounds are minimized by
surrounding the decay region with plastic scintillator. UCN that do not decay in the
decay region are trapped on lithium fluoride surfaces that cause only a low energy
gamma background.

Precision and uncertainty in UCNA

The goal of the UCNA experiment is to make a 0.2% measurement of the A—
correlation with minimal or no correction due to systematic effects. The main
systematic effects are neutron polarization, and betas that backscatter off the detectors;
these two effects combine to make up most of the 1.7x10™ systematic effect in the
measured value of the A—correlation. This systematic effect is below the 2.4x107
systematic effect corrected for in the PERKEO II experiment.'” By making accurate
measurements of these systematic effects (total error in measurement 4.2x10% they
can be separated from the measured A, value to give an even more accurate value. A
large amount of work has already gone into understanding these systematic errors with
offline experiments and Monte Carlo work. As a result these projected errors seem
obtainable.

A 0.2% measurement of the A—correlation combined with the current 0.1%
measurement of the neutron lifetime will give a 0.06% measurement of V4 which is
comparable to the 0.05% error in V4 from super—allowed 0'—0" nuclear beta decays
and >.06% error from demanding unitarity using various values of Vs and V.
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